Abstract
signals, which can be some inherent deterministic (e.g., return-map based detection and maximumlikelihood method).
Background Theory

Symbolic Dynamics
Symbolic dynamics are being widely applied for the analysis of chaotic systems. By partitioning a chaotic phase space to arbitrary regions, and labeling each region with a specific symbol, the trajectories can be converted to a symbolic sequence. The coarse grain formulation of the system makes the deterministic nature of the dynamical system stochastic in nature. Hence, such systems can be treated as Markov systems [2] . A chaotic signal is derived from non-linear dynamic systems, examples of which include the Lorenz and Rosler system. However, such representations are not suitable for a digital system. When a chaotic system is described in discrete time, the dynamics can be characterized by an iterative function. The resulting sequence is known as a chaotic map and can be easily implemented in a DSP.
Symbolic dynamics of the twisted map
The proposed map for this research, which is dynamically complex, is the twisted map. It is a piece-wise linear 1-D map. The dynamics of the twisted map is given by,
The mapping has a constant coefficient p and a shift referred to as the peak value. This is the point at which the mapping reaches its maximum output value, shown at p= = 0.5 then,
These equations have a phase space which spans in the unit interval. Binary partition (0 or 1) for generating symbolic dynamics is shown in figure (1) .
Figure 1. generating partition of twisted map
An iterated function is a discrete-time function generated by recursive evaluation of some function mapping [1] , as shown in figure (2).
Figure 2. sensitive dependence upon initial conditions
When iterated, the twisted map function generates sequences which are qualitatively stochastic and exhibit sensitivity dependence upon initial conditions [8] . 2-3: Chaotic On-Off-Keying: The block diagram of a COOK modulator is shown in Figure (3-a) . The COOK modulator is controlled by a switch. If a symbol "+1" is transmitted, the switch is closed and the chaotic signal c(t) is sent. If a symbol "−1" is transmitted, the switch opens and no signal is transmitted. Therefore, the transmitted signal is given by [7] : c(t) if a symbol "+1" is transmitted S(t) = 0 if a symbol "-1" is transmitted (4) x n x n+1 Tim e
The demodulation is accomplished by a non-coherent receiver. The non-coherent demodulation process is illustrated in Figure ( 3-b) .The non-coherent detector is, in fact, a bit-energy estimator whose output for the lth symbol is given by:
In the absence of the noise signal , the bit-energy estimator gives: f a symbol "+1" is transmitted
The output is then passed to the threshold detector with the threshold set to: The decoded symbol is "+1" if the estimated bit energy is larger than the threshold, otherwise a "−1" is recovered. Note that in the presence of noise, the threshold level needs to be shifted in order to optimize the performance.
System Implementation
The proposed COOK using digital a chaotic signal generator is shown in figure (3) and it consists of the following components: 
Discussion of system results
Many modern communications applications, such as mobile or indoor radio, are susceptible to multipath propagation effects arising from interaction between signals at the receiver which travel along different propagation paths. By contrast with a conventional digital modulation scheme, where the transmitted symbols are mapped to a finite set of periodic waveform segments for transmission, every transmitted symbol in a chaotic modulation scheme produces a different non-periodic waveform segment. Because the cross correlation between segments of a chaotic waveform are lower than between pieces of periodic waveforms, chaotic modulation ought to offer better performance under multipath propagation conditions. Thus, chaotic modulation offers a potentially simple solution for robust wideband communications.
The proposed system results have been simulated by Simulink-Matlab. Figure (5-a) indicates the auto correlation of the chaotic signal like delta function and this property is an important for the spread spectrum communication. Figure (5-b) shows the cross correlation of digital chaotic signal, the cross correlation is performed by two chaotic signals with little difference in delay, from the results in this figure you can see the cross correlation is very low. Figure (5-c) indicates the B.W. of power spectral density of the digital chaotic signal is wide and it can be use in spread spectrum communication for hiding of information signal. The period of the chaotic signal is approximately non periodic because the period of the twist map chaotic signal is 2135039 days with clock frequency 100MHz.
The lower and higher graphs in figure (6) represent the transmitted signal from COOK modulator and the received signal in the COOK demodulator respectively. A figure (6) indicates radiation of a chaotic signal is disabled for bit 0 and enabled for bit 1. The lower, medium, and higher graphs in figure (7) show the original data, the output of comparator and the output of integrator. A figure (7) shows the error rate between original data and received data is low and it equals 10 -6 for the proposed system. 
Conclusions
The principal difference between conventional and chaotic systems is that segments of chaotic waveforms, rather than sinusoids, are used as basic function in chaotic communications. Because of the non-periodic property of chaotic signals there is a fundamental difference between conventional and chaotic systems. The parameters of the received chaotic waveform that are required in order to recover the transmitted information must be estimated from sample functions of finite length. Even in the noise-free case, this estimation has a nonzero variance; therefore, the symbol duration cannot be reduced below a certain lower bound. Generation chaotic analog electronics is not feasible using standard circuit topologies because component variation caused by imperfect fabrication causes the same divergence of output sequences as dose varying initial conditions.
In this research, we propose a twisted map digital chaotic sequence as a carrier signal in the COOK system. The sequence generated shows low cross-correlation properties with very large signal space which is desirable for spread spectrum communication. Chaotic signals are wideband signals that can be generated using very simple circuitry in comparison with analog circuits. A potentially cost-
